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'gfunponcion during tho period of operation of the sprayor La doczensing

.iboinr anlyvrod,

‘Theoretioal Taeio of Opn?ntion of ths Aorouol IVZ=1 Chumber for tho
.Study of Experi"ontal Roupiratory Irfootions ‘

Report i
Operationnl Dynemlor of the Aeronsol Ohamber
V. ¥, Bolotovaldy

The Instituts of Virology iwsnt D, 1. Ivanovaidy of 4ho Adadomy of
Mad{oa) Seaionoss V3SR, Mouoow

Rooo‘vod 8 July 1959

l Tne IV¥=1 anhombor vwas oronted (1) 2o tho ntudy of virua infuotions
lproduecd by aorosals of the pathozonzs of reopiratory inifeaclane.

In tha uoe of tho aoroscl ‘chaihers a rurbor of quaciione of &
phvsieal naturs arias without an wunavsr to wWhich vork wilr dnfooidous
noresel o way be indomplote, luong thono quostions Ia that ot tho t4ws ,
lon oguilibriuz (moximir) narocol conoontreifon is ¥eaoncd “n the ohuahar,
i.uo time needed for tomoval of tho warausl frem the chantinr aliter poafe :

forming tha experirient, ith2 timo oy wihien the woroosol in preserved iv |
tho oshomber, the nuantity of epraved viruc-containing mstsrial by vo;~n£,
tho quantity of thls material ubnorbad by animals, od wany othors,
eddition, Imowledgo of 4ho phivsicul oharacleristics of opzretion of *ho!
shegbor 1z nagoageary for maldur up rules 0! gafoly trolinigue, without |
luhieh vork with tha asroscl uwpara*\1 would ba inpoasibie, ;
! In ‘he preeunt raport thoe fundamuntaly of tha tlaecry of orarcting
of the IVK-1 aerosol cruzbor are prescnted, wkich osu ba veed for worlk ;
Ivith any oirilar ohaumbor, !
| Lot ue concidor o sohemovor with a volua V, 4n ubioh a anvavey nas;
Yoon sat whiah hos an ouiput of tho virug~s ont\¢n;ng asrocsl u;r;nnnlon
lof L7 per unit tima. Tho value of f can ehengs during tho erpasivont. |
I7hdo 19 explodinad by the fent thai the cunutity of viruvs=centalning

rcoastantly, vhile the alr prosoure remring consiant. Lot us designate
Hish the lotter "L™ the quentity of air fod to tho oharver por unit
't{me. The shoubor communiontes with the atmogpharse; thorefore, no
;8X30a2 Prezosure, above utmocphoric. coours in tho ohamber frea Lhd
fentzance of ihs asroaol into 44, Naturally, tho alr coming fros the
lahduber ia disinfooted, but tils 46 not olzmificant for the protlons

[}
Tho figwe f 48 weasured in gronz per nlwuie; V, 4n liters; L, |

An literg per minute. Henceforth, for estiaztion purnocoy vo ghall vael
itre folluving fizures for tho IVE-1 ohamher: Vei00§ im2 18%ore/rdn; |
-f-O 11 gren/mn {on tha evarago fo? the time of oporation of the nprayo%
1111 the experiment).

' Lot us iragine the ohumbor before starting tho sorayinz., A% nomoi
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‘ rno:mnt the syrevas hogins to vorl:s, The aorosol scnlent in tha ehuabor
' vill dperonco until air mti soninining noresol 4o dlsnincesd or.em it,
Roughly, this da 4he tlio i4 Lalien for {he oprayod materinl to £411. the
. ohazbor, Dasuusa the chumbar wolume equale V 1itara rnd tha aprayer
aupplica L liters of aaroncl per minute, then t,, roughly oqual te v/L,
. (1) mleuten af'tar the horinndnz of sprayin: the entire alr whloh done g4
231 aln nevosol uill be dinpluvad, and tho ohavher will ho filled with |
1Ipaysd infevidousr matorinl. Tho time £, will bo oallnd 4the 44ie .,asled
1for "sagronzing® the ebemhor. .

! Bridorily, the floul quaniity of suspension in the ohunber camnod
oxosed & fizure of £ equal to V/L (2), hasause with furihor Anvlux of |
the suspenalon into the chambar tho sams quantisy of sucponcicn will ba
onrried awny dy alry leaving tus chamdar, Mero o are not connidasing
tiho saitlinm of the acronsl or 4ke wolln nnd flene of the ohauber. If
Ths tine noeded for settling or coagulation of ©he narosol prriislos
(tholr "1iTeapuna™) 48 groator thnn tro “rouvenging® tlize, tho lifospan
of 4 pariiclen nny be ovorlookad, bsoarusa thano psrtioles will ho
aarriad awuy dy the alr ourront (Lhay do not manaze to noitlo), Hovove:
1 tho lifaspan of tho aorovrol partieles in lasa than the "soavanzing®
41130, theee partioloc will setile out on “he vallas and Mooy o6f the
ahaxbder, ard the tinma necdad For the ocourranco of an oquilibrium corger
Q:ntsan ie oqual to thelr lifeupan, In view of the fact thut tho aorssc
aonvivts ol perticlien of difTorunt olzes, the time neodod to saiah an
oquilid>iua aonoontrailon for thn miall noronol partiolas in tho "soavape
* Iing® timas Tor tha lurpe onsm, "thelr 1iYegpan”.
<:> farine dogorived 4hn waiw quilitative foutures, let na aralyze
ltho vwork oquation of the ohuwmbor. ist un try 40 fArd out the <ime
ralationshine of the ontire aerescl maua in tha ehaxloer, that 13, of th
mass includod In drops of a certain radivn. Lot us designate the aniir
mans of dropa of radius r 4n 4ha chamber by tho loiter "x*, Than x
isbovld estisfy the following dSifPaersntial oquetien:

-

[rery

dx .3 ( e .--—LL - * L
! it AURLR S =, 18)

fﬂhero }\in tho probability o Juath of the narisiuvles par usis Vime; l/’}(
Bo the okarastoristio of tho "lifespan” of pertisler with radius r ig
Ahe ehember, a valuo which 4o ihe rocipr~cal of the probudility of theiy
dontks £ 14 Lln mubar of grewa of virue-contalning gugnanslon rupplied.
por unrid tima by the opsnyor in the form of perticise with ko anme
radiun. In worldny sith rerocols of any oihor dnxras of ¢icnorsicn the!
Garroasrontity valus of N\ ig unon, Ynleh iz proportiscnal to iiio ovuare of
hoe partieln~ radius,

Tie phreleal eignificunce of the gopurats terns in equation (3)
ip ko foiloding. On tho 1of%, tho ohange in tho aorosoe) m200 19 4ndie~
pated por wiit time., It Lo a fumotion of tho mana £(t) boing fod to |
Kho chncher por unit timo (lho frot term on the rizht tide), 4ha |
rasa of the aeroucl ¥hich predioltaiens and 29tilng out on the uslle mfj

- — a3

F:INT of 4ke ohanber b? virtue of proseassa whioh ¥ili te &T,;).]_y:;oj in
“kho next ropcrt, and of the norosol enrried out of the oheshor witn.the
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thalrelar alr (tha thivd tarm on the rIgkt).  Tho last 4ua torss have
A Einue alzn, hacnuse they cavae a doeraass in the rumbnr As pariiclosn,
| Froblezy of the dynesien of the aoroanl ehambar havs boen analyzed
by Resowury /37 égoonuao mizbere are riven for rofaroncoa and Ffor
various aquations in thins articloe tho lormar wilil bo put in bracicats;
1the lattor, within ptxronth05057. Cur squniton (3) i diffarant fron
4 !that cbtainad by Rosobury in two Yospacta., ln Rosxebury's wWorlk nuitler
. ithe relntionship of tho connumpiion of the fluld to timn nor the i« ge
! rsgmns 0 the aerosol partiecleo, as dotorglnnd o7 the figpro‘K, are
i takon intec consideratlon. In aquation (3) thay are. Tharelors, oquati
ﬂ ?5) 13 a rora genernl one,avd it bocomusn the nato ao thatiohialnod by
Rosobuvy whon Ar0 and ¢r/d4=0, :
! As a point et fani, A ig sortainly not oqual o O. Thoref'sry, us
10" Roasbury's wquation oan 1aad to incorrnat regulic, AfLce t28 connlew |
'tlon of tho sprayiny, whon 4he eupply of oir, L, and the endely of
Aho cuevongion, fy, becoms egual’ to zevo, Rosobury's equation has the
Jfollonins form:

de . .
: | , _dl— e 0, (4)

n

v SR - U,
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! "ho solution of whinh i3 iha* x=oonstart, that 10, the quuntity of

P isugpension anraved into the chowber 4eces wot chanzo. As u watior of
? ay

] fnct, after tho eanclusion o the srruyinm; the nrorosol cattles out ip

1

- —— 4

F.he cramder, and 4nig Fhonozionon ie dasarihed by ous 2quation, “aleh i

1 under those sonditions aozumos the followinsy “ora: i
[ N . .
10) A {5 :
’ al i
| !
. f

?he solution o this is as Jollous:
t

]
L]
f =
-

) - e ~

= -1 A, :
‘l- ' V=X T Ao * i) 2.3 ity ¢
!

. (]
¢ ¥o0Y0 X5 4o iNe quantity of aerosol iu tho ohamber at thy tiwe of oomplﬁ»
Slon of Ahe spraving,

' Prom ths last ‘ormula it follows tret with tn2.3/Y, xw0,1%,, that
is, tho norossnol ooncontration ir ¢ho charber decrnages 10 timas, V¥rom
this tha reluvionabin of A 49 4 l1iisozeu of the aorosol &n nooy,

|

; Tho solwnioun »f eguntioy (3) looin Yike thia:
o ’
N

- e—— ——— et - —— -

v 4 ~“4““““ﬂ“‘@ . -
o : x{t)=8! e v - f(2} - dia), {42
#  whare a i3 the varfahle o* interration, ¢=2,7%, tho baue of A tuesl
A lomarithzs; thy liuits of integration uro ¢nosen so that =0 (piart «f
crrayinzj, x(t)«0, _
. In &« mmbar of cases osuttion (7) for 1he qQuantity of novosal in
tho chaqder can he 3i=piifiod,
L+% us asa2umo 4hat © doys pot doveand on tha time (ntetilized vaed
¢f the suopsnsion); then from equation (7) vie obtain:

. sme
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Lot ue arnalyze two cason:
) A <& L/V) Rosobury's equaticn bolongs to this case also
(the lifespan of tho aorozel 4s wuch lonzer than the "saavenging” time

1% 45 equal to V/L). Thent

st 1

S

-xs-'f-—:-—'[ lr-102'3"'] . ' )

¥ith {noroase {n ¢ thio Mpure apvroachos its maxitmon valuo:
XowfsV/L (10), wharoby with tw2.3:V/L (11) x roaches 90 poroant of the
equilibrium valus, x,, .

While oquation (1) rourhly defined the timo necodod for saturatie
of 4nc chamdar with aerosol, ejuation (11) which we hove obtaincd porm
A detormination of this time with somewhat zroantor secwrnoy. Aftar
substituting the peruamotors of owr chamhor into thiu oquation vo obiai
that the timo peedod for saturation 4s oqual to t =2.3:100/42+3.4
aimtes,

Therofora, ne ourly as aftor sbout five mimutes the oquilibrim
soncontration 412 reached, and fronm thio time cn tho norosol ooncentrat
ctangoes very 1ittlo, Thus, it feilowa frem the oguation that 1P the
gorosol gonoantration in the oharnber aftax to tinmutes 45 oqual to 90
peroont, ihon aftar 2%, 4t will roach 9¢ poraent,and after 3%y $9.9
.j poroont. It should be taken irnto account that the time ty 48 datore
zined by the volums of tho chamoer ond tho oxponditure of air. Undos
the condition whioh we have nnalyzed tho relationship of tha asrvsel
| condontrations to tho imo can bo represonted graphieaily by xmeans of
! the following rraph (sao Fipure),

) b) Xéb Lﬁ: (tho lifespan of the aarosol partisles im muoch lezs
| than the "soavenzing® time), In this casa solution of equation (8)
| asmmog the following form:

:;\-" .
xa—{~(h40m3). (12)

— . o ——

This soluticn diffors from solution () only in tho replacenent
Iof V/L by 1/A, that is, 4n tho oaro toing analyzed tha %ims neoded for

| that 4s, the time in whiob the air 4n tha ohmmbor is completely roplaoed;

i

:

lon

e ——

reasning the oquilibrium concentration is not equal to ths "soavenging!

time dbut rather %o the lifespan of ‘the partiploa in ¢he cehamber.
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Aerosol Conoentration in Perogntngos of the Equilibrium Concentiration
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ol Snturation of the chambcr under thia conditien ococcurs whon
] ty=2.%h, Grapldoally, this roletlonship will have the samo form as
' on the Fipure proesenied but iy boing replaced by ty.

The ¢imo in uhlch tho acrosol 4in romovad from tko ehambar is
oqual 1o the 4ime tho equiliibrium concontration in roschoed, ¢w2,3V/L
" «5.5 piratas, Thereaby, cfior tho %time t tho chumder will contain 10
: vporcant of the aorosol; after 2%, one peroent; eftor 34, 0.1 noraeni
of the serosol. Therefore, Wwo can with dofinite accuracy aseerialn
ihe tiwo ncedod for vomoval of “ho merocosl frex the chozber, which ia
very dwporsant for work with viruiont pathogaona, Procise calculation
of this time and striot obsoivenco of it in voridng with the ahewber
O =aks it peacible to bo completely i afe iw %aling oxperimental animuls
'~ | sut of the ehexher afbor the parfurzrcancs of the experimont. The
quantity of serosol romeining in tho ohambar is easily dialnfectod by
roans of spraying in appropriate disinfectants.

£ s P A TTEPR. WL W O

Conoiuniona

1. Tha operatlonal dvamice of tho IVA=1 sorueol chashar xere
analyzed, and s mathamatieal squetion has been ziven fer ite oporation;
| b 2. In the axparimontal study of verious acrocols containing viru
K or baatorial materisl aprering muat be aczozpliched with oconsidaration
‘ of the tira ol which the esuilibriway (muximum) concentration occurs,

f 3, On ocompletion of {the work in tho sorosol chamber with

‘ infectious maisrinl the langth of timo spent in 2anvenzing the ohamber |
arouid osrrespond 1o the timo 6 moximes possidble (99.9 poraens) '
rezoval of the infactious matoriel (4hat is, threo 4imes the "soevengins
time"). ,

: 4, The data prezonted permit us to ecaloulato the time neoded foy
! roaoching the oquilibrium concentration of the acrosel and the "scavenging
tice o tho shanber,

- 5. Tho fundsmentels of opcration of the IVK-1 asrcsel chambar
‘ﬂ presentsd oann be used for work with sny aerosol chambers,

“I | In conglusion, T ashoyld Yiks to expross my sinecers gnpreciation |
° M L 5 L] . -




to I. P. lh..in nnd B, . Dolotovuldy for thcir groat uaint ;00 1n
the dincun.lon of probloms touchecd on horoe.
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